In this paper we discuss the asymptotic behavior of a predator-prey model with distributed growth and mortality rates. We exhibit simple criteria on the parameters which guarantee that all subpopulations but one predator-prey pair are driven to extinction as t--<x. Finally, we present numerical simulations to illustrate the theoretical results.
Introduction
In recent years, several researchers have investigated the dynamics of the following multispecies Lotka-Volterra competition models: dxi(t) xi(t) ai-E bijxj(t) dt j=l (1.1) xi(O)-x, i-1,...,N.
In [4] , Ahmad and Lazer gave conditions under which the Nth component of the solution of (1.1) approaches zero, while the other components approach a certain solution of a lower dimensional system. In [5] , Montes de Oca extends this result to the nonautonomous case where the a and bij are functions of t. In [8] , Zeeman gives conditions under which all but one of the species is drive to extinction, while the remaining species approaches the carrying capacity determined by its growth and mortality parameters. Montes de Oca and Zeeman generalize this result to the nonautonomous case in [7] . In [6] , these same authors consider the nonautonomous case where there is a balance between extinction and survival of different species. For a system with N populations, and for each r < N, they give conditions under which r of the populations survive while the remaining N-r populations are driven to extinction. A generalization of the logistic model is developed by Ackleh et al. [2] . [2, [4] [5] [6] [7] [8] to establish the boundedness and strict positivity of the total predator and prey populations (these bounds are crucial in proving extinction).
Instead, we construct an auxiliary function which will be used to establish such bounds. This paper is organized as follows. In Section 2, we review the basic facts about the classical Lotka-Volterra predator-prey model. Then we discuss the structure of the generalized model and what is meant by dominance and by the extinction of nondominant subpopulations. In Section 3, we state and prove the theorems that make precise those ideas discussed previously. Section 4 is devoted to the numerical illustration of the theory. In Section 5, we summarize the main results and indicate possible directions for future research.
The Generalized Model
We establish some notation for the discussion that follows. In the space NN, we denote the closed positive cone by N and the open positive cone by intNN+.
Recall that the classical Lotka-Volterra predator-prey model is given by:
Here X(t) and Y(t) denote the prey and predator population size, respectively, at time t >_ 0. For the prey component, the parameters a and b are the fixed growth and mortality rates, respectively. For the predator component, the parameters d and c are the fixed growth and mortality rates, respectively. Note that these four parameters are meant to represent these rates for all individuals in the population. It is well known that for system (2.1) with fixed point (,)E intR2+, the solution is a closed curve in intR2+ satisfying dX + bY-clnX-alnY-k, where k is a constant a depending upon initial conditions and the point (,) is interior to the curve.
In order to incorporate differences among individual growth and mortality, we must alter the model. We follow the approach given by Ackleh in [1] . We assume the prey and predator populations are divided into M and N subpopulations, respectively. We assume that growth for the prey is subpopulation specific, while mortality is driven by interaction with the entire predator population. Similarly, the mortality for the predator is subpopulation specific, while growth is driven by interaction with the entire prey population. Let xi(t and yj(t) be the sizes of the ith prey subpopulation and the jth predator subpopulation, respectively, at time t _> 0, where i= 1,...,M; j = 1,.. N. Let x(t)-(xl(t),.E..,xM(t)) and y(t)-(Yl(t), ..., YN(t)). We use X(t)= E" i lxi(t) and Y(t)-}_ = lyj(t) for the total prey and predator population sizes, respectively. Then the generalized predator-prey model is:
Given any (x(0) y (0) 
Numerical Results
We present an example to illustrate the behavior of the model (2.2). In this simulation, there are ten predator and ten prey subpopulations. For the dominant prey subpopulation, the growth parameter is a 1 and the mortality parameter is b -0.8. For the dominant predator subpopulation, the mortality parameter is c I 0.6 and the growth parameter is dl 1 The upper (lower) curve is the difference of the total and dominant predator (prey) populations. This plot clearly indicates that the dominant subpopulations of predator and prey cease to differ from the corresponding total populations by any appreciable amount after a sufficient amount of time has elapsed.
1.5
The upper curve is the predator case. , we obtain the solution curve illustrated in Figure 4 . The small circle in the middle of the figure marks the equilibrium point for the system. Figure 5 is an overlay of the dominant subpopulation trajectory from Figure 3 and the classical solution curve from Figure 4 . The generalized system evolves in such a way as to "become classical." That is, after enough time has passed, the trajectory for the dominant predator-prey pair from the generalized system closely approximates the solution curve of a classical predator-prey system whose initial conditions are taken to be the values of the dominant pair at a late enough time. 
